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TNTPOnuCTTON 


The Soft Lool c Processor (SL P J Is a high performance! low power 
consumption mIcroco^outer Primarily intended for controller application* 
:reoUclno evlstjng random logic .sSJ/msi solutions# It offers a 1 usee# 
typical Instruction cycle time to execute any of the fixed width* 16 hit, 
instructions which can process one* four, eight or sixteen bit fields# The 
instruction set has been optimized for efficient operations performed 
directly on T/0 registers, A variety of techniques Have been Included for 
logical decision making, Including direct bit testing of internal and 
external registers, indexed branches, priority encoder for most significant 
hit finder, external event synchronization, and a program status register 
to capture the salient ch*r»cter 1stIc* of the last produced result. 

Although primarily Intended as a m I crocmt ro I I er , there are several 
processor provisions which should permit Its adontion to a wide variety of 
aoo I i ca t I ons, A control stack mechanism is provided for return addresses, 
parameters, and temporary results. A program status register collects th® 
machine’s state In one convenient Place for efficient handling for 
Interrupts# Although on|y two Instructions move data between main store 
and the internal store, thr* Addressing mechanise* provide the common data 
access techniques# 




MICR^TONTROLLER REQUIREMENTS 


o ROM utilized for program storage 

m steck for return address and local temporary storage 

literal arrays can he stored with their subroutines and 
share, the Program pom 

4» High performance 

- wide Instructions to decrease fetches 

- simple instruction set 

- instructions which perform operations directly on 1/0 registers 

ft Many systems do not require extensive RAM 

7 on chip return address storage for first subroutine ceil 

* eight Internal registers which can be supplemented with 

> I/O registers which do not interface with any devices 
. m" limited RAM data access Instructions 

ft Flexible I/O Structure 


ft Processor synchronIzatior with external events 

m single Interrupt line with high speed identification facility 
m direct external bit testing 

ft Varied decision mak Ing *b I i|t I ©$ 

- Indexed branch 
... m non-des truct I ve compare 
bit test 

w program status register test 

ft field oriented data access I4,8 t nnd 16 bit widths) with 
provisions for multjbyte arithmetic 
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SYSTEM CONCEPTS 


The Soft Logic Processor system consists of four major components 
(see fIgureJI 


1) Micro Controller chip ~ MC2 which executes the instructions and 
is described In detail later. 


2 ) External Registers ~ any speed registers m*y be used as all 
communications on the bus are asychronous, Th©$e registers are 
the I/O system for the SLP# They m^»y be true registers or only 
static lines. They may be read-wrjte, read only or write only 
as far as the w ca Is concerned. The hp-tp interface chins 
being developed at Data Systems will interface directly to the 
SI.P • 


3) Memory - ROM win be typically used for programs, fixed tables 
constants, masks, etc, RAM will be typically used for data 
storage, the pus^ down stack, variables, etc* Tt may also be 
used for programs, etc. All memory may run at its own soe®d 
due to the asychronous hand shake. 


4} Buses - 

16 bit bi-directional data bus 

16 bit potentially bI~directIona1 »ddre$s bus 

GO-ENn handshake (I/O & memory have separate handshakes) 

Get Next TnstructIon/Td|e 

INT/INTack 

write 

Fetch Phase 
Power On 
System Cl^ck 
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O I *2. 3 V s t> ? » <? /o ,/ tz is *9 /*r 

R[o] 

R[i] 

R[2] 

R[3] 

R[4] 

R[5] 

R[6] 

R[7] 

R[8] 

R[9] 

R[10] 

R[ll] 

R[12] 

R[13] 

R[14] 

R[15] 

P 

IR 



TOS/Top Of Stack 
STATUS 


R[0] through R[7] 
internal general purpose 
registers 


R[8] through R[15] 
external general 
registers (currently 
addressed bank) 


P/Program pointer 


IR/Instruction Register 


RB 

S 


RB/Register Base 



0 


S/Stack pointer 


P/)ce &> 







GENERAL REGISTERS 


There are sixteen general Purpose registers which car be 
explicitly referenced in register to register end literal to register 
instructions* Eight of these registers (RfOl through RI73I are 
internal to the Micro controiIer Chip (mc?) • p C 0 3 j$ mu 1 1j-purpose, 
It Is the toP of stack for Interrupts and subroutines’. It wf | | also 
act like a general purpose register depending on th® instructions 
which are applied to it. RC13 Is dedicated to servo as a program 
status register IPSP), when addressed os a g.P, destination register, 
status information is not set Into It, 

RC83 through RtlSi ©re viewed by the Processor *s full 16 bit 
register structures which can be both read and written. These 
registers serve as the interfacing devices between the processor On 
the one side and the device on the other. Their exact character 1s11cs 
(j,e,# slze t read only, write only, and Individual field assignments! 
will be determined by the specific application. 


INSTRUCTION POINTER 


The Instruction Pointer (P) is a sixteen hit register which 
Indicates the next Instruction to be executed after the current one Is 
complete. 


REGISTER base 


The Register Base <RR) 1$ an.R bit register which soecifies the 
current bank Of external registers, only « external registers can be 
accessed at any time, but by changing R B, up to 2 pab reaisters m«y be 
accessed in banks of 8, RB is set to zero hy power on. 
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PROGRAM STATUS REGISTER 


The Program Status Red i s ter/STATUS (i,o,» Rfl!) contains the 
salient character l s 11 c* of the most recent result produced by the 
processor. The following conditions are captured In status! 

« Result field negative (Nnl), Most significant bit adu&lt one 

« Result field rero (Zsll 

# Result field generated carry from most significant bit 
{Cal) 

# Result generated overflow (0*1), For add* operands tamo 
sign and result Is the opposite sign* For subtract 
operands different sign and the result 1$ the same sign 
as subtrahend (right operand) # 

«* Position of most significant bit in byte (L o bit Position 
labeled from left to right) 

<» Interrupts enabled (F = l) 

STATUS modification is disabled whenever It 1$ selected as the 
destination register for an operation. All non-control Instructions 
will cause status to reflect the charac.t er I s 11 cs of the resultant data 
created by the instruction. Although compare Instructions do not 
create any vlsable new data, STATUS Is modified as if a result *as 
produced from the subtract, i . I 

The bit locator field, L, In status is not, found in most 
computers and should he amplified upon. Tt Is a three bit, positive 
field containing the bit address of the most significant one in r th@ 
result rlghthsnd byte. ^its are numbered from left to right within a 
byte and most significant bit Is Position 7«ro (the least significant 
bit Is bit number w«i, where w is the field width), tf there are no 
set bits In a byte (l*e. f Z8=l the field is rare), L contains, zero. 
Defaulting to this value for zero fields Is desirable for indeed 
branches because all possible conditions (»,e#i Position of one bits 
Including no ones) are covered. Because the maximum field width which 
can be processed Is einht bits the largest value which can occur In t 
Is 7. 

Note that an all zero eight bit field makes STATUS «12|4> #1000 
(8 decimal) glvina a uoioue result. 



RpftJ | t 


z* 

L 

0 3 

4 7 

8 11 

12 15 



XXXX 

xxxx 

ixyx 

XXXV 

0 

0 

XXXX 

xxxx 

01 XX 

xxxx 

0 

1 

xxxy 

xxxx 

001 X 

xxxx 

0 

2 

xxxx 

xxxx 

0001 

xxxy 

0 

3 

xxxx 

xxxx 

0000 

1XXX 

0 

4 

xxxx 

xxxx 

oooo 

Olxx 

0 

5 

xxxx 

xxxx 

oooo 

0 0 lx 

0 

6 

xxxx 

xxxx 

none 

00 01 

0 

7 

XXXX 

xxxx 

0 000 

oooo 

\ 

0 


X 

Is don’t care 
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STACK MECHANISM 


MC? contains a sj»p|p stack mechanism for subroutine return 
address storage, parain»tpr transferring, anH temporary result storage* 
register rero contains twe tnp-of-stack wor^, while the other stack 
elements are stored |n a ram which 1$ a onrt of the machinets address 
space* An eight bit, stack pointer (S) Identifies the next element of 
the pam stack to be used, pointing to ascending storage locations as 
data Is Pushed on to It, The stack limit Is ?sf, b^sed on the largest 
positive Integer which ran behold In S* 

TWfs data transfer operations can be performed On the stack* They 

are? 


Pushing Popp jon 


l # memory r«?issPfN?i l, s i = s-1 

2* S 1= S 4 1 P.P rNP) t * M FMOPY t<5) 


The push operation imp! jcity Invoked when in interrupt or CALL 
occurs uses reojster Rr*i. rthnrwise, alt other Instructions treat 
r 101 like any other general Purpose register and do not Cause data 
traffic between RCO) and the rah stack as a side effect. The POP and 
RETURN Instructions mav use any register as the top-of-stack, it Is 
the programmers respons(hi!ity to maintain stack integrity* 


IuTE RRUPT MECHANISM 


MC? contains an interrupt nort Into the processor, If the 
Interrupt system has been enabled ,?nd the Interrupt Is asserted. It 
will cause an automatic rush of P4l onto the stack and an instruction 
fetch from address rrFF after the current Instruction Is executed, 
nnce the Interrupt is arknowiedged, the interrupt system is disabled 
and must be pr oar a mn at I ra I | y enabled. 

A branch will normally he eve C uted since the interrupt return 
point Is saved on the stack. It is the Programmer’s responsibility to 
save. »|| registers th*t will be changed by the execution of thp 
Irtorrupt routine (esp. note STrTUS), Note that THTT, 5>PlT t ReTT, 
CBTT, hold off Interrupts until *fter the following instruction to 
w . I low turnlna Interrupts back or and returning to the main program 
before another interrupt occurs. 


PAGE lo 





power on 


When the Power on signal to the MC? goes high, the MC? cycles 
through a special power-on sequence which sets the chip In ft known 
state! 

Register Base register » 0 
Stack Pointer register * 0 
STATUS register = <8ll>a0 {interrupts off) 

If the Get Next Ir^tructlon signal is high, then^ control Parses 
to the address fffDi otherwise! the mc? goes Idle until ANI gees high. 

The Power on sinrv-91 must remain low after the VDD supply *\i at 
Its minimum value for at least B clock periods. 


IDLE STATE 


At the end of eacw instruction, and during the P’ower-on sequence, 
the Get Next Instruction line Is tested, if it Is high* execution 
continues. If it is ln w , the mc? goes into an idle State, While In 
this state. It responds as a slave module to external register reads 
and loads directed to h*nk numbers FF and ff, Bank numbers Fa through 
fo are reserved: 


Bank # 

Reg « 

Registers 

FE 


GENERAL (RC 03 to « C T 3 > 

FF 

0 

*5 


1 

P 


? 

mask {read on|y) 


3 

TR 



n 


«5 

PR 1 


<*6 

PR? 


*7 

Reserved 


^Internal working registers 

When Get Next Instruction goes hI oh the mc? fetches the next 
Instruction and proceeds based on that Instruction, {See APPendlx C,). 
GNI is jnternaiiv pulled h|qh by a 13 m ohm resistor. 

When an Instruction Is being fetched and Is on the Data Bus, the 
retch Phase signal IS Asserted, If the Instruction Is not a valid MC? 
instruction (l.e,, IR< m3 > s ml) then the Idle state Is entered 
and the MC? behaves es described above. 
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REGISTER to register instructions 


The register to register Instruction qrouo constItutes the 
majority of MC2 instructions! In contrast to more general purpose 
computers whic;. exhibit an even mixture of memory refarene© and 
register to register I ns truct I ons, Controller applications tend to bo 
more I/o and decision oriented* rather than data/RAM store oriented* 
These instructions either anoly functions to 16 hit words or to 
partial fields within the word and transmit the result to a fuliword* 
The intent of these simple functions (i*e t , basic arithmetic and 
, logical functions) counted with a uniform selection and destination 
mechanism is to limit t^e number of unlaue functions (to sImp||fy LSI 
implementation G n a chio) while providing all the f ac iIities aye I table 
in conventional instruction sets* A few examples should Illustrate 
thIs concent t 


* r * • 

» Increment/necn^ment register (by l) Instruction Is 
replaced with the combination of * literal add/ 
subtract wjth * value of one. As a bonus* In a 
single Instrurtion time any byte literal can be 
added or subtracted, 

• Bit set, complement, te9t, add and reset 
Instructions provided* 


This philosophy is also used throughout the other Instruction 
groups* 

Four functions, «nr, SUBTRACT, compaRF , end load, can be aooHad 
between an eloht bit literal and a full word register using the full 
register and literal format. Any Internal register Can be selected as 
one operand and the result destination* 

In the Register format, the two operands are a full word register 
and a field selected out of a register* A full set of logical and 
arithmetic functions are available. 

There are several monadic functions which can be applied to any 
register* one«s and two’s COMPLEMENT, and SHIFT. Shift operation® 
are applied to an entire word. A shift mav be either logical (zero 
fill), circular In either direction, l* n KFD (carry bit), or FtlLEd 
( one* s fill)* 
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variable field WIDTH OPFRATIONS 


To cope with a variety of control oriented, data manipulation 
functions MC2 Is eouinped with functions which can be applied to 
variable width fields. Four or eight bitfields can he operated upon 
Indeoendent|y of surrounding fields or t^e full sixteen bit wprd can 
be manipulated in Parallel, Fields are aligned on a binary _blt 
boundaries and both their position and width are specified by a four 
bit, Field Description (FD) in those Instructions which operate On 
variable field widths. The following illustration details w the 
encoding scheme for field width spec IfI cat I on and the different 
addressing modes for specifying field Positions, 

Field widths other than the basic four processed by MC2 can be 
conveniently manipulated through a combination of two or three 
instructions using the hardwired field widths as building blocks. 


CONTROL.transfer FUNCTIONS 


There are four instructions in the control transfer SrouPl 
Conditional Branch/CBR, Indexed Branch/IBR* Subroutine CaIl/CALL. and 
Subroutine Return/RTN . These Instructions modify the Instruction 
pointer register CP)* thus modify the seauentiel nature of a program. 

The CBR and CALL win transfer control to any location wjthln th® 
256 word current page ((P + I) <0!8> cat DispIacement) , _ This Is.the 
direct addressing mode. An Indirect addressing mode Is available 
which Permits control transfers to any storage location, in this case 
the displacement selects the location jn the current Page which 
contains a full sixteen bit address to pass control to, Note that 
since P+1 Is used to obtain page address* a CBR or call in the last 
word of a page actually uses the next sequential page. Addressing for 
the IRR instruction Is accomplished by adding the selected fields to 
the Instruction Pointer plus one. This Instruction always specifies 
indirect addressing, thp rr instruction transfers control to the 
address contained In the specified register. 


STORE ACCESS INSTRUCTIONS 

• w 


Because of MC?*s controller orientation, the storage access 
Instructions have been limited to two? l.oad and Store Register, Roth 
Instructions only access word data. The data access instructions can 
specify post-Indexlng using any of the eight internal registers, Th© 
word following the l.oad or Store instruction contains a full 16 bit 
address, If the long form Is specified. 


PARE 15 






Logical and Register s. Field 

*3*5 78 HI? IS 


I II I I I 

10 I 0 | NJ | FO ! N? f 

I __I - I_I_l_l 

p t Ml 1 in P t N1 1 A PCN*?l<sr> 

Status 7i m, 15 r , n not valid 

a selected field fro-t one roqjster Is logically 
s n e r i f I e H interna! non l s tor Ml, The r e s»j I 
Register m<? |s unaffected. 


t . 

Logical or Pen Is ter ^ r i pIh 
0 3 A B 78 111? IS 


I I I I I I 

II 101 Ml I FO I I 

I_1.1_I_ I __ I 

PfNll Is Pf Nil V RfM? )<•<;?> 

Status 7. $ M» LI r 4 r< not valid 

A selected field frn^ onr. register Is I nc-i c*» I I v 
register Ml, The result Is left in Register 
unaffected. 


P A Of 16 


and 


Am ed with the other 
ts left In Register Ml, 


OP 


oRna u'lth the internal 
M\. Register n? | s 








Compare Held to Register CMPR 

0 3 4 5 7 8 11 12 15 


III I I I 

I 2 101 N1 | PD I N? | 

I__l« I_I._I-I 

RCN21 <sf> - RCN13 

Status Z. N, L» Ci C 

The specified Internal register INI) is subtracted from a selected 
field of register Np. Z, n, L» C f 0 are set based on the result Of 
the subtraction. Registers Ml and N2 are unaffected. Note! If 
overflow then n is complemented to maintain correct arithmetic 
relation of greater than and less than. 


topical Exclusive OR Register & Field XOR 

0 3 4 5 7 8 U 12 15 


till I I 

13 101 N1 | FD I N? I 

l_ I-I _ I - I _ I 

RtNU I* R C N 3 X. RtN23 «f> 

Status Zt N• L| C, 0 not valid 

A selected field from one register is logically exclusive ORed with 
the internal specified register ni. The result Is left In register 
Nl• Register n? is unaffected. 
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RBIT 


Reset 8 11 

o 3 4 5 7 0 11 12 V5 


1 I I « I I 

10 I 1 I N1 IBIt# I NP | 

1._I - I_I_I_I 

RtNll *= RCN2) A Not t#)) 

5t9tUS 2t Ni LJ C, 0 not VfllM 

n copy of register jv? (Possibly e/tfirn^l ' Is stored In Internal 
register Nl« The bit Position in Ml specified *v the bit number Is 
cleared to zero* f’enUtpr mp Is unaffected. Status is set based on 
the final value In Nl. 


set nit SB IT 

0 3 4 5 7 8 1112 


I I I I I l 

II 111 N1 |9it# I np | 

I __I „ I_I_I_l 

OCN1 1 != R t N<? 3 V (?#<M 1 R-i* | t J J ) ) 

Status Z»N f LI r , 0 rot valid 

A copy of register Np (Posslhlv evterrali Is strned In Internal 
rellster N1 # The hit- Position in Ml specified the bit number Is 
set to one, Reoister M o Is unaffected. Status Is <;et based on the 
final value In Ml, 


p n c, f 1 a 







Test Bit 


tbit 


\ 3 4 5 T a 111? 15 


III I I I 

I 2 111 N1 18|t# I N? | 

I_ I - I _I -_I_I 

RCN13 ** R t N? 1 A*. j t*) > 

status Z » N• LI C, 0 not valid 

a cony of register np (Possibly external) is stored |n internal 
register Nl. All bit positions in Ml except the one specified by the 
BIT number are cleared to zero* Register w? is unaffected* Status Is 
set based on the final value |n Nl, 


complement Bit CBIT 

Q 3 4 5 7 8 n IP 15 


III I I I 

| 3 111 Ml IRIt# I NP | 

I_l-t_I-I-I 

RCNU tx RCN21 ±L <2**<1c-ajt«)) 


Status Zt M t LI C. 0 not valid 


A copy of register np (nosslbjy external) Is 
register Nl* The bit position specified by 
logically complemented (toggled)* Register N? Is 
is set based on the fl^al value In Nl. 


stored In internal 
the Bit number Is 
unaffected, status 
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Branch 


BP 


0 3 4 5 78 111? 15 

* 


ill I I I 

14 I0| I FO I No | 

I „_ l.l _I_I_I 

P !a PfN?) <Sf> 

Status Unaffected 

a selected field from (nosslolv external I register m? is stored into p 
execution continues *t that address* status and register np are 
are unaffected, 


Indexed Branch IBB 

0 3 4 5 7 8 J 1 l? 15 


I III I I 

|4 111 I FD I MO | 

I_.I..I I_I_I 

P}= MEM fp ♦ 1 «■ RtN?l <$f> 1 

Status Unaffected 

A selected field from (nossinlv external) register rP |$ added tn p 
register plus one. Thn content of this address is fetched from memory 
and execution continues »t tn|3 Indirect addres*. status and register 
►id are unaffected. 


P ABF ?0 







move Meld to Register 
5 3 4 T 8 1| 12 15 

l™~7 7" ~~~7 

151 N1 I ED I N? | 

I_I __I._I-I 


MOVE 


R[N1J I* RCN23 <Sf> 

Status Z t M• LI O f 0 not valid 

A selected field from one register is stored Into the other specified 
register# Either or both of the registers may be external# Register 
m 2 is unaffected# status Is set based on the final value of register 
Ml . 


ADO Literal to Register ADDI 

0 3 ft 5 7 8 15 

I I I I I 

I 6 101 N 1 l li teral I 

I_1.1._I_.1 

R(N13 |C RCNll + 0 cat Literal 

The eight bit literal is zero filled to the left and added to the 
soerifled register# The result Is left in the register, C» 0, Z» M# L 
are set based on the result* 
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SURI 


Subtract Literal from PpaistP.r 
c 3 4 5 7 Q 15 


I I I I I 

1 6 111 N 1 I Literal I 

I_I _I_I-_I 

RCN11 l« RrNl3 - 0 cat i Iteral 

status C* 0 f Z% N t l 

The elQht hit literal Is ?ero filled to the left 
the specified register. The result Is left In the 
N» L are set based on t^o result* 


ADD Register to Field 
0 3 4 7n 11 ]2 is 


I I I I I I 

I 7 I0| Ml I Fp I NS* | 

I_I ..I_ I _ I _ I 

P[Ml 1 1 = R t N 2 3 <sf> + P r f- n 

Status C, 0, 2, N f I 

A selected field from nr>e 
register Nl* The result ic 
unaffected. Status Is set 


roister Is added to the 
left In register *n. 
ase.H on the final value 


subtracted from 
register. C» O. 7, 


ADD 


Internal specified 
Register m? 1$ 
In Nl « 
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Subtract Register from r|e|d sub 

0 345 TO 11 12 15 


I II i i I 
17 111 N1 I FD I N? I 
I __I - I_I_I-I 

RCNU in RCN?1 <Sf> - PCNll 

Status Z» N, L» C, 0 

The specified internal register Nl is subtracted from a selected field 
of register M? (Possibly external)* The result Is stored In register 
Nl. Status Is set based on the result. Register ni? is unaffected* 


Conditional Branch CBR 

*345678 15 


I 1 I I 1 I I 

I 8 IIILIEIGI 0 I SPI acpiren t I 

I ..^.li-l-»-!-l.._-_I 

condition Metis False? next 

(LAN) V (E AZ) V (GANAZ) -> CONDITION MFT|sTRUE 
next 

Condition Met a True -> ((I * 0 -> P|s(P + i) <0t8> cat 01SPIacement) 
(I c l -> piaMEM t(P + 1) <0i8> cat nj spI© cementm 

Status Unaffected 

If the condition in status Is met, the branch is taken by 
concatInatIng the left byte of P+i with the displacement. For 
Indirect addressing this address Is used as an effective address to 
branch through. 

The conditions are specified bv the bits of the Instruction Register? 
Less than, Faual to. Greater than. The zero and negative bits In 
status are tested. The eight conditions erei Never, <, <«,»,>,»c, 

NOT s, AtWAYSi 

Mote that the action taken when N«?=l should not be relied upon, as 
future designs may act differently* 
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Ca I I Subrout I ne 

q 3 4 5 6 7 S 


15 


CALL 


I I I I I ! I 

I 9 I I | L I E I ft I 0 I sr | acorrent I 

I——1*1-I-I-•___ 

Condition Metis Faisal next 

(LAM) V (EA?> V (OAN A J) -> CONDITION m F T ! s T P U F | 
nev t 

Condition met r Trup -x 


(MEM 

ro cat S3 

• 

= 

p r C 3 

next 

5; 3 s *■ 

11 



next 

PC 0 5 ?= p 

♦ 

1 % 

next 

c 

it 

»—i 

-> (P ?= (P 

+ 

l > 

<o:«> cat n | SP 1 ^cement 1 


T - 1 -> (P ? - MF> f '■ ° +1) <n|p> cat 0 I so l <*cement \ ) ) 

Status Unaffected 

If the proper condition in status Is met t h nn the Call is made as 
follows? 

The address of the n«vt sequential Instruction (n+n {$ oushed onto 
the stack, (^+11 <n.*o> is concatenated w|m the t\ bit displacement to 
form an address. 

r or direct addressing nnntrol transfers to this address* 

e'er Indirect address the content of mennrv -»t this address I* used 
as an effective address. Control transfers to this effective address. 


PASE J>4 





CMPRJ 


Compare Register to Literal 


% 3 45 78 15 


III I I 

I A 1 0 | Nl I lI ter a I I 

l__ I • I_I___I 


RCNU • 0 cat Literal 
Status Cf 0, Z» N, l 

The eight bit literal is fliled with zeros to the left and subtracted 
from the specified interne) register# 2, N» L» 0, c are set based on 
the result of the subtraction# Register Nl Is unaffected# Note! If 
overflow then N is complemented to maintain correct arithmetic 
relation of greater than and less than# 


push register onto stack 

^34 78H1213 15 


I I I II I 
18 1 0 1 I 0 I M2 I 
I __I __... I _ I _I 

MEM 10 CAT S]l= RCN21I M F XT 
SJ= S ♦ If 

Status unaffected 

internal register N2 is stored In memory at the location pointed to by 
the S register H#e*» Pushed onto stack)# The S register is then 
incremented. Register m? and Status are unaffected. 
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RTN 


RETURN* From Subroutine 

<i ‘ 3 4 .7 8 ’ " U 1? 13 1*5 


II I II I 

.1 ""f>"~ i * “ 1 ! i‘ ft i ~ • up r ;i 

i._I __i_I_i_l 

P I* PtN21I 

ME XT 5 I= S - ] I 

XT RtN?3 la MEM [n CAT S1 

Status unaffected 

The return address on the top of the stack (RtNPI) l« Placed in the p 
register, The stack Is popped. 

**ote that a return will normally use ^rft) unl*«!«? other action Is 
explicitly deslreo, sin r e both call and Interrupt use RCftl as TOS. 


"DO Carrv to Register ADPC 

n 34 7 R 113? IT 1b 


II I II I 

I B I P I P I 0 I I 

I__I__ I_U-l__I 

TEMPI- STATUS <?>| hfXT 
P[NP3 Is RCN21 + TEMP 

status 7 t M» L i '(■:* o 

The value of the carry hit (status <?>) Is added to Internal Register 
up end the result Is «torpd jn register DP* Status Is set based c*n 
the result. 
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one»s Complement Register CMPt 

q 3 4 7 8 H 12 13 15 

i i i r *t 

I B I 3 10 I 0 I N2 ! 

U.— l_I-f — l_I 

RCNPJ Is NOT R C N2 3 

Status Z» M, If C, 0 not valid 

The selected Interne! register Is one»$ complemented (bit by b\t>* 
Status 7.» Ni l set on new content of n 2# Carry and Overflow blti In 
status are INVALID• . . 


MeQate (2’s Complement! Register NEG 

034 7 8 11 IP 13 IS 


I I III | 

| 8 I 3 13 I 0 I . N2 | 

I_I_I-I— I_I 

RtNPI *« 0 - RCNP1 

Status 7 % N| U « C, 0 

The Interne! register is replaced, by Its two*s complement# Status Is 
set. based on the result. Mote that overflow is set only when 
attempting to take the two«s complement of Bn00 (most negative number) 
due to the asvmmctrjc r^nde. 
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STORE 

Red 1 s ter 

Base Into Realster 

STRD 

0 3 

% 

4 7 3 

1 1 1 ? 1 3 15 


1 1 

1 8 1 
■1^—1 

1 1 

1 4 1 

II 1 

1 0| K:P | 


RCM?1 

<ni b> := 

PB 


RtN?1 

<Q s 8> : = 

garbage 



Status Unaffected 

The left byte of Internal register M2 Is loaded with on. 


S H1 c T PeQ ls ter wldbt SHftp 

o 3 4 7 B 9 1 0 U 1 ? 13 1 f3 

T" » 1 I Tc |r I I I 

ID I 5 I I 1 I r l o I r | ? I 

I__ i_I „ i „ I v« 11_ t_ i __ I 

TF.MP ts <STA7US> <?> *npyt 

STATUS C»> i = Pft ? ?V | newt 

For V r is Step -I until 1 

(PCM?) <m> T = Up] ;neyt) 


TR 

<io ? a> = 

A 

1 

O 

c 

(r k uni 

<0 > 

• 2 

4 • 

0) 


TR 

<10J2> = 

01 -> 

(p t N P n 

<0 > 

• ** 

• — 

Status 

<?>)<< ntp Pru?l <15> >> 

TR 

<10t?> * 

A 

1 

O 

r-1 

(PfUPi 

<*0 

: = 

TEMP) 

< < 0L D C A or y > > 


TR <10»c>> « -> |R(N?1 <t>>: = 1) 
status 7 .1 M, L, r; C not valid 

The selected Internal register Is shifted ripht one M t, nit IS oops 
into Carry, Bit 0 Is filled with n, Bit 15, OLO Carry, or 1, St*tus 
7, N, and L are set oased on now value In ‘tP, 


Pftfif pB 






LORB 


LOAD Register Base 
034 76 U 12 13 15 

I I I I I " " 7 

I B I 6 | FD I 01 N2 I 

I ---- I_I-I —I_I 

RB *« CRCM23 <sf>l <OtP> 

Status Unaffected 

The RB register Is loaded from the uoper byte of a SEi ECTED FIELD OF 
Internal register N‘2. status and register b'2 are unaffected* 


SHIFT Register Left 

n 34 78910111? 13 15 

■*> 

I I | . I 1 c I r I 1 I 

I B I 7 | I'Olr lo I. nl N2 I 

I_I_l-.l_lv-.lt-l_I-I 

TEMP Is <STATUS> <?> jnext 

Status <?> I» RCN23 <"> I next 

For m ■ 0 step 1 until 14 Ho 

(PC N2 3 <M> j= R t N? 1 <m + i> 1 next) 

IR <10 I2> = 00 ~> IPfN?1 <15> I* 0) 

!R <10 12 > s 01 -> (RtN?i <15> t s Status <2> ) 

1R <10 * 2> 9 10 -> (R t M ?1 <15> l« Temp) 

TR <10I2> a H -> (R(M?1 <1S> I# 1) 

Status T » N* L• Cl o not valid 

The selected Internal register is shifted loft one bit by adding it to 
Itself* Bit 0 goes into carry. Bit IB is filled with 0# Bit^O, OLD 
Carrv» or 1, Status 7, N> L are set based on the new value jn. N2« 
Carry is loaded with most significant bit (0) of the original N8 
value* 
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load word Immediate 


LDWT 


0 34 7 8 11 12 13 IS 


I t I I I 

L 18 1 | 4 I M7* I 

_I_I_l-_ I_I 

LITERAL I 


PCMP 5 jr MEM fP + 1): r«*>xt 
p : = p + 11 

•status unaffected 

The worn fcl lowim t he i nstrurt I on («* is loaned 

rng| ster m? # p is |nc , <'«f'ntad an extra t i me to skjo the 


POP 

9 3 4 7 9 H 12 13 IS 

II I III 

I rt I 9 1 I 01 m<? | 

I_I_I-I -- I_I 

s :» s 1 11 

next RTMPl : = MEM [0 si 

status unaffected 

The stack Is popped into the specified |nt A cn*l reoister. 
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Into Intprnn) 
I I ter a I • 


POP 









LOAD Register from Memory (long form) 


Q 345 7 8 11 12 13 15 


III 1 

1 C 101 Ml I 
1——l-l_1- 

1 

FD 1 

■ •••UK 1 • 

1 

XI 
— 1. 

MS 

w m 

1 

1 

• » 

1 

I ADDRESS 

1 _ 



1 

R(N? ] te MEM 

t MpM 

tp 

+ U 

■f (x o 0 «*> 01 x a 


LOAD 


-> RCM15 <sf> )31 next 


P Jo p ♦ II 

Status Unaffected 

The worn following the instruction (at p + 1) Is used as an address. If 
indexing Is specified then the selected field of Internal register N\ 
Is added to the address. The content of the effective address Is 
fetched from memory and loaded into the selected Internal register^ 1 ?, 
tfl and status are unaffected. P Is Incremented an extra time to skip 
the address word# 


LOAD Register from Memory (short form) LOADSH 

0 3 4 5 7 5 11 1? 13 15 

. % 


1 I 1 I I 1 1 

1C 111 Ml | FD I 01 N? | 

I .•—1-1—- I-I -- I-I 

R(SJ?] is MpM CRCN11 <Sf> 3 

status unaffected 

The field extracted from internal register Ml Is used as an address 

Into memory. The cort«*nt of this address Is loaded Into the specified 
Internal register NP# 


PACE 31 









cTORp Register into He^nry (Iona form) STQR 


3 4 5 7 B 1112.13 15 


III I II I 

in io| ni I m l xi m? i 

i_l„l_I_I --1_i 

i I 

I . ADDRESS I 

MEM tMEM CP + 13 + (x = o -> 01 x e 1 -> Rt^ll <Sf> )3 |« RCN23I next 

P Is P +]l 

Status unaffected 

The worn following the instruction (at P+i) \ s used a? an address.^ If 
indoxlnq Is specified then the selected field of Internal register Ml 
Is added to the address. This seict«d internal register N? Is stored 
into memory at this effective address# Ml and status are unaffected, 
p is Incremented an extra time to sklo the address word# 


STORE Register into Memory (short form) STORSh 

a 345 7fcUia 1 ** 1 5 


II! I II I 

I n 111 mi i fh 1 n 1 \»? 1 

f _I .. I_I_I_I_! 

| ADDRESS I 

M EM rRCNl 1 <S(*> ] Js RfM?l 

status unaffected 

me field extracted from Internal renjster '1 Is us»d as an address 
into memory. The content of Internal register N? is stored into this 
address# 


o a g E 35 











LOR I 


LOAD Register with Rvtn Literal 


0 3 4 7 8 .15 


III I 

It I N1 I Literal I 

I—-I-I-I 


R£N13 l tt o cat LITERAL 

Status It N• LI C# o Invalid 

The elaht bit literal is filled with zeros to the left and stored into 
the specified register (oosslbly external)* Status 7, m, l are set 
based on the literal. 
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APPENDIX A 


Informal Description of ISP Notation 


The notation used throughout this description is ISP (for Instruction 
Set Processor) developed by Bell and Newell 1 for the formal description 
of computer instruction sets. The following table identifies the symbols 
used and their interpretation. 


Symbol 


Interpretation 


cat 

- v a e 

+-*f 

= t < < > > 



a-*b 

next 

a[i] 


b<n:m> 


a/b 


Concatenation operator 
Boolean operators 
Arithmetic operators 
Relational operators 
Data transfer 

Equivalence or substitution process used for 
name and process substitution. For every 
occurrence of "a" substitute 
If “a" then "b" 

Sequencial interpretation , 

Array selection. Select the ith element of 
the array i. (a[i:j] selects sequential 
elements 1 + j - 1) 

Field selection within word. Select the field 
starting at bit n, width = m (most significant 
bit is zero) b<n> selects a single bit. 
Abbreviation, "a" is an abbreviation for “b" 


D3 Bell,C. G. and A. Newell, Computer Structures: Readings and Examples, 
McGraw-Hill, 1971. 

[2] Barbacci, M., Bell, C. G., and Siewiorek, D., PMS: A Notation to 

Describe Computer Structures, Computer, March 1973, pp 19-24. 
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fit 
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fir 

A* 

fii 

fi& 
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fii% 

A«3 

A*y 

fits 

t6x>i 

WLe 

MO 

•oTo 

Totwft 

C4.K 

GHZ 


i t 
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1 
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♦ ? 


<SHO^ 
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3 
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7® 
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0 f 

V : ■ s 


K 
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- 

Di 
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P3 
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PH 
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PS 

9 


10 
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& 
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P? 

ii 


78 
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P& 

it 


37 

- 

01 
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instruction tiding 

AND 7 ♦ R2 + M 

OR 7 * P2 ♦ M 

C-7PP 7 + R? + M 

VOR 7 +.R2 ♦ M 

WRIT 7 + RP + M 

SB IT 7 «• P2 + H 

TBIT 7 + PP + M 

CBTT 7 + R? + M 

OR #> + RP ♦ H 

IBR 10 + RB + ?M 

•»OVr 7 4 R1 * R P «. Pl'p + ~v 

ADO! ft ♦ M 

SUB I 6 ♦ M 

CMPR] 6 ♦ M 

LOHI 6 + M + Rl 

CBR ft ♦ M + T IP t 

4 4- M If not tr*R«.r> 

CALI ft ♦ M + I If t*«-©n 

4 4. M If not t r^pn 


APPFNPIX «> 


LOAD 

12 ♦ 2M + MO 

LO/VDSH 

in + m + mo 

LOWI 

n 4 pm 

STOR 

IB •* ?M 4 . MD 

STC5RSH 

10 + M ♦ Mp 

PUSH 

7 4 *1 4 MD 

RTM 

O 4 M 4* MD 

POP 

B 4 M 4 MD 

NF G 

ft 4 M 

CMPt 

ft 4 M 

ST RB 

S 4 -1 

LPRB 

ft 4 *" 

SHF TR 

ft 4 _ 

SHF TL 

ft 4 M 

ADD 

7 ♦ R-> 4 M 

SUB 

7 4- P - 5 4 M 

ADDC 

ft 4- ’4 
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T * 0 If direct addressing 

m 4 + m If Indirect addressing 


w at max 


Memory Access Tine * 1B0 
Clock period 


M is number of cycles for Program memory 
mo Is number of cycles for Data Memory 


R1 a 0 


If RCNU Is internal 


e max ( 1, 


Twr j te - TO 


Clock Period 


|f RTMiJ is external 


P? s o 


If RCK'SJ I* internal 


a max f l« 


Tread - 30 


C|ock Period 


if RtM?3 Is external 


DIP c 0 If either nfM] or PtNST Is Internal 

r 1 If both RfMil and RfN?3 are external 


Clock Period > = ISO nanoseconds minor cycle time 



Celling <x) r smallest Integer >r X 
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